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§1 #-§- 7l^fl -g-A> ^-^7> zl^Q 3l*HH *fl l *]--§- 7|^1<4 #e1-so>s <^7l^ 2 

71^11 ^>7l, ^1 2 7l^fl ^-A]-7l, 1:%^ 71^1 -g-Af 7 ] 7} HL^O.^ A^SH ^ o] 

2]7> ^-g-^ ^-71 oV-g-^S 71^1 # 71^1 ^^--^5+, ^71 o]^^ ^ 

3 5. ^-^^ 71^)1 ^ ^fl2 #-§-71*111- ^7]Al7l^ f-ef^p]- ^ 

SIM^lS S)^!^ 7}^} tiV-g-711-Hl «}-g-7l^l« ^A|ofl ^^}t\} 

*W "S-^M €-S-*l *M #«1<£| Lfl^p. ^-g- #7>Al^ + o^cf. 

S. 4 
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#5L*b±x} ^.g. ^7}^ ^ ^ H 0 T-^{ALD equament and ALD 

methode} 

£ la £ leif ALD « 0 V ^* ^^*>7l ^ 7fl^i. 

£ 2^ #2fl ALD 7flifE5Ai 2^r ^1 ^ofl 4 = ^ 7fl 

£ 3-& ^2fl ALD ^ ^^^1 tc)-3 7 >i -R-^ zieflSS. 
£ 4^ t^ofl ^ ^ o] 7 i]Bfc_ 

S. 8£- ^ofl ALD ^en^ 

- 4€- ALD ^ <£a-H 4^ 7>i-e-^ ZLSfl^S. 

£ 10a 10d^ £ 52] ALD ^#2] 

51 11^- Cf= A}-g-5^ 7>>i ^-A>Jfo) 3gig £ . 

£ mr £ 11^ «A}-g-Oj-^ o^ig ^1^A>^7)^ 7fl^£. 
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10, 24, 124 : SIMsi) 



14 : *fl2 



12 : 7fll 

20 : ^l^^tH 



22 : yflo]^ 



26 : 7}^ #71^ 



28 : 7}^ wfl7l^ 

32, 161 : Tfll ^-§-71^-8-71 



36, 163 : &\x\7}^7] 



100 : SH-^J 



30 : 7>i 



34, 162 : Tfl 2 *V-§-7l*|)-g-7l 

37, 38, 39, 164, 165, 166 : H*. 



120 : 



122 : a^b] 



126 : S]^ 



140 : 7>i ^-A>a. 



142 : c]ia 



144,145,146 : <£ 



147 : 



149 : tfx)7}± afl#^p- 
180 : f2]-SD} Al^efl 



160 : 7>i ^ 



190 : 7}^; Bfl#^- 



^-a- &SL*ft ^7} Tfls-g- ^7># ^(Atomic Layer Depositioin : °1*>, ALD 
* ALD "cHH W 7} i i^#Jf# 7fl^§>^ ^sfl ALD 

7>^H, a)-^ # ^ 7fl ^^- ^ gfe ALD ^ ALD U-^^l ^ 3Wth 
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^ S3*fl ^>7> 5U*r €^>*M1 iH^r ^>3£)4^ (step 

coverage) o] ^^^cf . ojofl of 5} ^^^^ -fi-7l# #^-*ll» A>-g-^ SJ-*M 

(Chemical Vapor Deposition; CVDE}- ^UOIM ^e} oj-g-s}^. 

<28> neiu}, CVD ol-g-^b ^ ^ H o V ^^r ^>214^ 0 1 ^Hr^ ^^P3°l 

7)1 *fl<>m ^ ^-7fl^# 7Mn SZi=r. Str ¥ 7>^1 h>o. 7] .^ 7> jg. A ^ ti> 

■€-71 lfl-?-S. ^#£|<H 71^1 ^-Eflofl^ tiV-g-^ <g 0.7]JE.3. °1 -*r^H ^.^^Ol S)^ <g 
7V7> ^ ^£ 5^. 

<29> til-c^ ^.^ol d^- nlAfl^. wVn|-o) ^ 7 > §J=o>3 ojs.^ ^^j. ^o] 

7} i££L-&W} S)JL, ^S] «VJE^1 4i*>^ -R-^^, ^ S.X\ J=^fV 

Ik^ S^l ^^(electroluminescent thin film display)^) tf^tr 

°fl A 1 CVD^l °l&|tr tr^m ^4*>7l . nl^tV Jf-*fl# 

hVbT-o. ^a^Kt tij-^o.^ ALD ^^^l ^l 0 !^^. 

( react ant H s}-^-^ o.^. 7^ S^of) is}- #^-£1^ «]-§- ^H## ^*}$] kY^}<x\ «v 
<3i> #7] ALD^<^1 Sl*r ^ ^ ^E|d|) cflsfl ^^^1-715. tr^K 
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<32> 5L la ^ 51 le-B- ALD H^}?} 7fl s££.3.*1 , ^MHl^l ALD 

<33> i^, al-o.7] ^tLofl tiV£^7l^;Ol $Ms)(lO) ^fofl afll Ul-g^l 

(12)1- olttfl s& 7 ] X| i B}|-7l^](12)^ ^H^ClO) #w.o] til-g-^- *}cr] 

SS?" ^Efl7> ^ uflZ7>^ 5}-^- ^^Cf. (£ la, lb ^-2:). 

<34> ZlCf^- afll ^-§-71^1(12)^- ^H^RlO) #Jf 

Sl^, ^]1 «>-§-7l^(12)^ C-l O]^- til-g-^ ^1 &7fl ^Cf. ol ^J-BIHH 

7l^(£Al5]^^)s. A>-g-^^ j^ojcq aV-§-7l^l(12)l- ^-§-71^ <2]JfJL W}^ 

i47>7fl *H ^t^cK lc %2i). 

<35> ZL^, til-g-71 A]l ^7l^l(12)7f ^-^§1 ^T^^, 7\]2 &-%-7] ( 14) 7} 

^WlO)^ ^ VJ f°fl ^£]<>|*H, m ^-§-71^1(14)^ ^lol^(iO) ^ 

tiV-§-*>^ 3%^ ^?>}7]} ^Cf. °l"fl ^£^l7l^(10) S^«fl^r *fll ^ ^12 ti>-§-7l*ll 
(12, 14)7} 2}-S}- ^-S^ #^ ^7>^ CJ^S. ^^t}. (J£ Id 

<36> *j| 2 a>-§- 7 l^( 14 )^. til^-o] i^^f ol 3-7^1 £] ^ , 

^12 71^1(14)^ D| O)^- HV-I-O. ^ oj^ ol ^ofl^ t\-X\ 71^11- 

A}-g-<5}<^ ^<%2] A]2 aV-g-71 31(14)1- w>-§-7l^ sqif-S. ^)7]^.(S. le %^). 

<37> ^-7] £ la o^ife} t£ le ^ufo) A}ol-i-g- ^S^, o] e)^. A>ol 

^7># Ml-nKg- ^ XV A ] ^ ^ Olcf. 
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<38> ^ > ^-7)S5f go] S.^ *V-g-SH 

a] o]*f-o]*)^ a]-o. 7 i^s. m^o^ ^*>7l #^_°i;L 7>^V ^V-g^^Tr 

la. *1M ^>-8-*>fe HJ-ti 0 ! 1 ^. 

<39> £ 2±r ^Hfl ALD 7fl^£S^i, 31 ^t]- 

<40> i^, «V-§-7l7> ^^^(20)^, ^7] 31**8 1*1(20)3 ifl^MM #*>3. 

o]^ ZL ^^ofl ^|ols)(24)7> ^-7fl£l^ «1M^(22)3-, -8-71 21-^^(20)3 ^ 
*13°1 7>^ *7l^-(26)4, #7l £^«K20)3 3"<§Ml 

^(28)3, #7l 7>i * 71^(26)^ <g^sl<H 7>^ ^^-(30)5. 9l°-*\, 

<$7] Hflo]i(22)3 ifl^fe- ^7} l^SH^. 
<41> dJ 7 H ^>7l 7>i ^^-(30)^ ^^^.j77l-^ yVn}-o} ^ ^ 1 ^ ^ 2 

^■-§-71 ^-§-71(32,34)^ 7>i<y 3)^7>i-g-7l(36)7> ^l^i), Z]-Z}-o] ^-7H1^ 

-n-^* 3^}7l 3t!r «lw.l-(37,38,39)ol ^l^cit}. 
<42> trl-eH -A>7lSl ALD £ la £ le3 ^l^^>7l ^^o^^ £ 2 jf\. 

^ *Htt ^W^^-c]-. 

<43> ^7-1, ti>-g-7l ^-§-71(32)^1 1 «ati.(37)^ol <g3*j ^l^-^ttl(20)S. ^1 a>-g- 

7 1^1* *#*H ^IM^Ml ^3j-o] fesl^ ^lll y lw.(37)l- ^-ZL, ^13 H*. (39)» 7fl« 0 V 

*H 31*1 7>^# *B^tf. 
<44> ZLCf-g- #7} ^1 ti>^-7l^7l- ^-^§1 aflT^ 3f, ^3«1 W.(39)l- ^ JI , ^2 

-§-71 ^-§-71(34)31 ^2 «lw.(38)# 7flw 0 ^].^ ^ols](24) H>-g-ol ^J^o! h>^o] 
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cfA] y la.(38)l- ^-Jl, XI 3 H lJ±(39)-i- 7flU-«H Jt\x] 7>^# ^^^^ 

4°ltsi °1« tj-^ ^*Kr ^Ml^l ( £ 

3 

<45> # 7 1 Si). ^ ^Efl ALD #*1# A}-g-*M S)-n}vg- f^*}^ «H1 <*| 3 7^] X| ^ 

S^ol ttj-s^, o]^. ALD ^e)^ 1:7}- 5] *V ^-^-o] 7 ]£ *>cf. 

<46> ^ HV £ ^ 71 ^<H] 5a ^ XI 1 ^-§"71 Xll- XI 2 «J-§-7lXl^ aV-g-A] 

?1tt XI 1 «V-§-7lXl7}- 71^1 ^flS]^ ^ ^£ 

^^H^^^H, <X £r3E*IH W o^olu|-7l ^SflA^ ^2 #-§-71X13 

<47> <«i-X -fr^iXM ^^S. A>-g-sq^ ^^H^ #-§-^<X 3. 

XI 2 ^]-§-7lXlS^ #, 2.^ f-o] ^s. AV-g-^^c^ o] XlSl-^l^i §-Xl7> ^-^^cf. 
<48> Aj-71 «9X1 Bfl7lS)^l ^7] nfl^-oj] A] ?}o) Q6)x\ 

X\f>\S\jL, _$_9j-&9j IH^H ^-<^£ ^ *JS|^ 0 1 ^ ^>£l ^ 

&Xl7> X12 ^-§-71X15. A}-g-^- Tj-o , tiV-g-Ajo] ^o>A-] yV-g-^t^ 

<Xsl£- ^Xl7> ^cf. 

< 49 > S*> ^ ^ -^XH^ X12 71X15. ^S. ^3.^0X^3)71- A}-g-£l*l 

#, °J-S.^o>^ 7]^- ol^cq JjL oHl5= ^ ^^^^1 ^Jl, X^Sl^l 

^4" ^ ^71X1^ 7}^ #-§-*H -go]ol 51 jl HVnl-xflcq «. 

^7H X 711 ^4. 
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<so> cj^-oj ALD ^SLsL±± W, Al, Cu, Pt , Ir, Ru ^ ^v§>7l7> nfl 

<51> esfl^l^ ^"71 £1 S-^M- ^*>7l ^*1H, l"^*}* °l-g-*Hr #&)^ 

D r -B-3E. ALD(Prasma enhancede ALD; PEALD Hf ^*t) 7fllJ;S) $tf. 

<52> ^-7)0] PEALD ^*fl <^7l^ ^2 «>-g-7l^# ^-g-^WH 

ALD «<HHcf. 

<53> £ 3^r ^2fl ALD ^ rrj-s- ^ ZLSfl^olcf. 

<54> ^ f ^olB|7> ^ti]^ aV-i-^Hl^l ^! H>o. 7l ^ # ^ojs] S^ofl i^-A] 

^7l<Hl <qsfl <^7l^ *fl2 ^71^11- aV-g-^^S. ^^sH 71^ iflofl ^1 
<55> ZCft I^Sn} ^-i: f^-A^lJL, *fl2 oV^-71^1^ ^^fV ^, 3]^ 7]^ 

^ PEALD U-^^- *U ^-g-7l^sq- ^12 tiV-g-71^] #3 ^-g-^o] ^t^iE 3fl 2 
^l-g-7)^7> #e}^p]-5L ^HdS^S-S. ALD -%r°]f;}?\) *|-g-^- ^ oicf. ne-m, 

^-*flS)7l nfl-g-ofl ol7> ^<§ol fl^i} ^^oj uj-BB}-^ ^ olcf. aj-sj.^ ^ 1 

£-g- 7l^]l- n|N*r #5f^> ^7lS] ^-g- J1ZL, 2 *}-§- 71^1 # 

^ofl^ #^n> ^.g. ^ « 0 VA1 o.^ ^71<H1 ^^-5]^ 7l*fl ^g-- 

^7}9\- ^-7}s\-( synchronization)^ %o] o.^^cj-. 



<56> 
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<57> a o v 7 ]o^ PEALD ^7)%}^ #5^1-5. ^715]^^] ^2 tiV-§-7]^ll- «>-§- 

Al^Vl- ^-51 ^«>7l c^r^ 4^ ^ 

^ wJ-Aio] Aj-g-sH, o)z\i£ 3.0. jgL^o^ HBti^ ^ 

4£ (shot down) *l?hg: ^7} a] 7)^ <#JL Sll^. 

<59> PEALD^H^r §5|^r ^r^7l nfl^-ofl 7l ^o) -fr3£-g- ^7>^o.5. *lH*r 

^^7] (MFC ; Mass Flow Control)* *}-%-*t ^ £r/^.H ^*MH<>] 

<60> nH^, 71^1^ 33^- -fr^i: *)H*}7] ^7] xtflg-ofl ald ov^Ajo. 

[«v^o] ol=j77> <§Hr 7l#^ ^1] 
<6i> «v^^ ^7l^f ^ &*fl^-§: «*}7l ?A<L3- *\, ^3 

71^1^ ^-fr oV^^ O.S A^H ^ n|^o. fg^Al*} ^ ALD # 
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<62> 4^ 42.3 -a^py ^^l^ wl«i*V ^/^.Hl- *o v *l*H # 

^ A o v -8r ^^l^Jl, ziofl uj-s. -B-^l iL^ Al^V ^ aj-g-^. ^7j-^- ALD 

<63> -g. *l^o\ £ C}§ ££• 7}if ^Ajo!] ^^-^H ^ 

W: ^ 91^ ALD *l| 
<64> a. £ cfs. s.^^. o^ei^ -g-AH ALD *j-<a«H #7M 

H ^ SZ^r ALD *fl^<*)l 

<65> Aj- 7lS |. ^-o. a.^ o. ig.^^] £ ^ofl rc|-s ALD ^£r, 

<66> ^aV^o] ol-so^^s. tfl^.6fl tiV-g-Ajol ^Aj^^ ^4-^5)., 

<67> Aj- 7l §] .o.^ ^*6\) *4x)5)0} $])o]2\7} ^-g-^ A^Bll- Aj-JfLofl o^A] ^ 

<68> Aj-7] S)^ t^£L^ Aj-«.o]] ^IS}^ ^^1^ Aj-^ofl °>2}-£H, ^ t^3^ 

*Hf-°fl *fll «V^-7]^1 ^-A>7j2} *||2 ^-§-71^1 ^-A>7l * 7]^ ^A>7] 7> A|*j£]Oi 

^71 SK-^lflS. 7}if ^-A>Al7l^ 7}^ §A>«Sq-, 

<69> Aj-7] 7 |^]« A1 .«.^ o^S^ ^l2«V-g- 7l^fl^ 3^7V^«- ^*Kf 7}^ ^ 
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<71> ^"71 3l2 «>-§-7l3l» A^ ^ ol^ |e}24 tAj 7 ) f S^t}. 

<72> gc^. ^. Tg^o} t^s ^A, ^. 7 ] 7 ^«A>^.^ y>-§-7l^l £-A>7l S)- 7^1 

^-A>7l7> 5L«i^ ^lSlJl, 7>i §-A>«-^ ^o o V«.oll ^7}^ , 

^\ A #3 7)n] ^A>7l^ $)}o)v]2) 37H 7}^ ^tfl*§2] jjL^ 

^^s)j7, z}- ^ 7l*)l ^>7l#^ n. ^43^-1- ^^-S a-Ijl cfl^Tll 4i^lslJi, 3l2 
#-§-7l3|fe #-§-713 ^ Sfe ^fl^H fefsp} ^71^4. 

<73> ^ofl 14= *J-^o} 

<75> «]-*Kg- ^^j^ ^ 4^ 7fl 3 *M3*|* 2\£ ^H^l A-| ^ E-) ofl oV^M 7l ^ # 

Tim, 

<76> ^^l^o} S^SH ^ ^ ^M§Kr #7)14, 

<77> Aj-71 4^3^7> 7>^ cfl-§-S)^ ^ 2] £ W o] C^l^, 

<78> Aj-71 ^^^^3-^1- S)^Al7l^ tf^, 

<79> -^-71 7>i ^>«-3 £AH^H ^1 #-g-7l^l<4 3*1H 31 2 # 

-g- 71^1 ^ 71311- ^A>^><^ Aj-7) ^o)^^ Aj-w £1 g6)l f^V^ #711-1- 

^Wl^-ofl 

<so> S *V 4^ ^ o. Ao>7] ^ t^a.-^3 Sl^S^b 5 rpm~100 rpm ^ *K2, 

^ ^3 oJ-b^ lOmTorr -100 Torr , 25°C - 500°CS. -fM , a o v 7 ] ^ «]- 

-§-7131^ Al, Si, Ti, Ga, Ge, Co, Sr, Y, Zr, Nb, Ru, Ba, La, Hf, Ta, Ir, Pb, Bi, W 
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^- - ^-o^)^ ^ H oj^s a^s]^, a c v 71 ^ 2 

NH3, #2*1- ^^>7l ^*IH Aj-^ N2 0 7]-^, E^5|.# «l-nKg- ^2}-^ 7 } o^ A -j 

^1^, ^1^, ^olsjofl ^s|ol^7l ;£ofl #e|-SP>ofl o]*|H o^7l^ 

^- *^- D > *>7l *W >M"8-£M*lfe 7}^ Ar, N2, 02 ^ H2 S ol^x] 

< 82 > ^-71 ^*}# ^av ^^6)1 #ef^p> 0^7)^ 7>i^ SIM*^ 

i^wq-, #7l ti_V-§-7l ifl^ #ef^> Ai^efl^. A > 

-g-*H ^l^*>7l ^ o]^h #sl^ 

<83> o^K £ ^o. % ^eH £ H s v^ofl 4 = a>£^ 4,7> ^fls-g- ALD * ^ # 

^ 3^ ^^1 « #>*fl*i -M^*>7is *vcf. 

<84> <PEALD #*1> 

<85> £ 4^ -g- ^-^ofl 4- PEALD ^^*>7] flfc 7flBf£SAi, tfl^ofl ^ H>o. 

-{f^Rr <^ 371^ ^-?_Kg- S^Rr ^^ (100) ^ ; Aj-7] ^^1(100)^ tfl^-ofl ^ 

*1*H ^ol^(124)» ^-§-*fe A^^Ei (122)1- 4* $1*^, S)^^>£ 

- 51^1 C^rW 120)4, #71 5)^ ^^3^-(120)# ^A]7l^ 5\£ 

^^-(124)2f, #7] 3)3 ^ ^3^(120)3 fl*]*K5=J|- ^1(100)5] # 

^1 ^Jr^Jl, ^-§-7l^l» 7>^ £A}7lo] ^(144,145.146)^ *a>tK147)» **M ■ 
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^<&*\n *#«Hr 7}^ ^V^(140)5+, ^7} 7}^ -g-A>Jf( 140)5}- «>-§-7>^ 
4 Z\7)7\^ #71 <a-l-(144 ( 145 > 146)oll ^*Kr 7\^ ^-^-(160)^, >£-§-7} 
it &Q2*\ ^7] a^I^ #5^1 ^-1^^(180) ^ #7l <£)*} tq^«-(i20)^ ^ 
^*h§- y J-§-^«Kl00)^ ^S. 7>i» afl#Al7l^ ^^51<HS1^ 7>i «fl#^ 

(190)3. 3.7fl ^Ajs}tf. 

< 86 > j= S. 4^^ t^H^ 4V 7 ] s]^ £^3.-*f(120)^ ^7] 7> 

i ^>^-(140)^ is}*?-*)) fl*l*>^, ^ols](124)l- ^-g-SRr SlM^ *)*m(122m 
7fl, <W#<H 47fl« Ajofofl ZL^a]^ ^ 01^ SH5!14. ^r, ^-*f^l ^3 

4flols] a^eK122)!- Jl^Al^lJl Aj. 7 ] 33 ^^3^(120)^ 3# 
^EL^-(120)2] Aj-*> -fi-£*Hr ^ ^^(126)3- 

<87> #7] s\£ ^^^0) 5)^0. a>o. 7l ^s JIS^] ^ 

o^Ai, oi-g-*v 4^-^. ^sj-oii a^sq^r 71^^ 

^ <^£^ 71^1* ^T^fe 4*<KCycle)-8r 2^*Kr <3«: ^S^Kr 

<88> S. 6-S: JE. 4oll A^ 7>i ^-A>«-^ ^JES.^ , 27^1 7>i# A)~g-*H ^Aj£)^ HV 

<89> i^, §>-f^(100)^ Aj-Jfofl ^^-S]^^^ U^£l(142) # 87fl£| 71^1^- A} 

(144)0]^, ZL9]- ^^}7\] afl^si 27fl^ <#o) ^2ai-§- 7l^ -g-A}-g- °J-(145)°M, 
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4°H ^*l*Rr 47^ °}-<3 tf*)7}^i £-A}-g- °K146HJI, #7l ^^3(142)^ «. 

<90> SEtl" °J-1-(144 ) 145, 146)^1^ ^7fl^ &a>^(147)1:^ ^ #3 ^ 371 

3. <H^-°S Bfl<isH ^3<3 Sa^, 144 ,145 ,146) -1-21- *\*)7}^ 

Hfl#^(149)^ 7}^ ^-^-(160)^ "M^. 

<91> S- igT$0\ 7]^] y fl^( 149 )^ Aj. 7 ] c 4 c 5^ c A ] ^ ^-o] , 

t^H^ ^efl #3l# tcl-Hf #7l 7l*fi Hflt^(i49)£r ^-g-7l3l# 

si afl#sl- ti>^-7l3l#Sl ^^^v j-a^ *j^.o_ ^ 

<92> ole^V PEALD ^1^1 #^-°fl 41*1^: #?1 7}^ ^-Al-«-(i40)fe #71 5rH^£l #JjL 

ofl ^>2]-sl nt) , 3ji «V-g- 713151- 312 ^7131^- ##^7l3l# 7131 £-4 

7l(£Al£l^l £>^-)# vflJfofl X^-Jl 514. 

<93> ^-71 7>>i ^-A>«-(i40)fe PEALD #^1^1 ##^-31 ^l^s}, di-g-7131^- 1-M7131 
1- ^>*>^ 144, 145, 146)^1 t}^H(142)ofl ^flsH yJAQ ^-§- 7|3l 

21 ^ *r 3X°-V), ^T-§- 71311"^- ##^3H jL3)-^0.5- 3l^ 

sl£^- is}jL 

<94> ^. ^A] ^HH^r 87fl£l ^#£H 9X^, 311 ^-S" 713121- 3l2 ^-§-7131^ 

^ ^3. C(1^5l3l ^l^H #71 5L^°]} w}S>}- ^-Ol, ^ 

7fl2l Zl- cf^ 7131 ^ol^Sl H7H1 2J^*V ^Ol^- 71-^1 Sj-tfl^ JjMflS. 
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<95> SE*> XI 2 «V-§-7l^l# #e]-Sn> c^7l A] j7j 7 ] ^ #^n> A^^USO)^ nV-%- 7 ] 

^ Mfl^MI XI 2 aV-g- 7 >^7f #^n> a] ^ Efl ( i 8 0 ) 7^ #£}-^n]-sf <g j£ f wfl_u 
(167)2]- X]2 <£-g-7lXl -g-A}-g- #(145)# 7^ ^H^H -g-A^t}. 
<96> c^7lAi Xl2«>-§-7lXl ^-Af-g- <y-(145)^ ^l^S]^ A}ojoflAi w^aI*] *T 

£ 5Ut}. 5E?1 ^-7] <#(144, 145, 146)1-8: ^ o>qe). al D ^ofl 3^.3. 



<97> 



<98> 



<99> 



<100> 



£ 7£r ALD ^ ^^HH^I 5)^1 t]AE«4 7 >i ^-A]-«-S. 

Ajofl JEA^ yfl^Sol^, o^A^ OJ-S.O] ^H^o] H7lo11 nV^] ^ ^ ^ <>| ol o.^ > o| jjj 

£ 47fl7> C]i35] Z]- ^-^ofl ^X]£)^r ^ olcf. 

£ 4°\}*)S) 7}^ ^^^7].^- HVuV^ ^ofl tCf^ XI 1 * X]2 «>-§-7l 

Xl-8-7] (161, 162)5+ 7^01 s^j 7 >i-g-7l(163) 7> ^til^ji, zj-zj-^ -g-7H^r -R- 

^■ir S^^l-71 ««ti.l-(164, 165,166)ol ^1 3^ & <>-^ , s£ 7 ] *)] 2 til-g- 7 l Xl-g-7) 

(162)^4- y}+ ^A>-«(i4o)^ A} o}6\) f5} 2D } Al^^( 180 )ol ^ajs)^^^ 

<PEALD ^> 



<101> 



<102> 



£ 8£r ^<Hl tcf^ PEALD ^>B.£o]cf. 
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(120)7> ol^-t}- * , ^>7l ^^3.^(120)1- ^ ^£5. S^l*! 1 *. 

<ios> ol* ^a}- ^ofl^ afll o]r-§-7l^<4, °$7)& A}2 ^7)^] ^ lr#^ 

7}$m ^Hl SlM^ #JjL j^ofl tiVnV^. ^*}j7, 7>i ^ 

120)2} ^S.^ lrpm ~ lOOrpm ^) ^ ^o] w}bJ-;*1 , °l^r SlH 

^-71^ ^r-g-Al^ ^^*V ^o.^ t^«-^1 <y-3^ ^ 10 mTorr - 100 Torr^, ^r£^ 20 
°C ~ 500 VS. -fM ^KE^- tt^-. 
<104> ^UHlSAi, ^-7]^ PEALD ^]~g-^H 7l32-(3H2]) ^ 

ofl Wj-nV^ ^^*V J5r ( 0]^H(in-situ)S #5f^> ^« ^E °1 TT 

^ S^ ^el ^<L5L^ ( ^^--i- #olji HV^-l- ^v Al ^ ^ ^10^ #^p> Aj^Efl 

oflAi A>i, C>S^. ; ^ ^ 7>^* ^71^1^ A>-g-tb^. 

<ios> ;e i0a vfl^l £ lOd^r -g- ^°\] ^ ALD s] ^ ^^oH, 

E 9^- *fll 3H^2} ^ &*]6\) tcj-s. 7>i -fi-^ ZLSfl = £o]c]-. 
<ioe> #7] ^3.^(120) ^Hl 3Hs}(l24a, 124b, 124c, 124d) 47fll- ^ ^lH?! 

^ll^lol3l(l24a)l- 7l^o.S ^>o^ ^-t- 
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<107> nj^, ^7} #Efl£] s)^ l^i=L^-(120)^ ^£7]- OIEXl ^^H, <X Ttfl 

X|l 3] (124a) 51- XI 3 $M3S|(124c)3r ^4 *fli #-g-7lXl &*\7}7\ 3*13: 3*1 

5}ES XU #-§- 71X1^ #-§-*} XI ^Cf. (£. 10a 
<108> Aj- 7l 0)^3.^(120)7} z}:£ 0£^ 3*HH a] 741 1-<>H 45JE 

SiHVXl X|l ^ XI 3 31 <X 3*1 (124a, 124b)^r 3-*^ 7}iXl o\$\ 40J ^ 

#-§-71X17} XM^c}. (£. 10b % v 2:). 
<109> 4^1 c)i3L^-(120)7V 45£^1 3*H*1 AlTfl^c.^ 90£Sl 3 *H £ 

iH^, -*7l XU ^ XI 3 ^l°l5X(124a, 124b)fe XI 2 #-§-7lXl £*}7l7} 3*l*fl 5£tt ^ 

oil 3*1*}H.3. #h}2,*H1 XI 2 #-§-71X1$} #-§-§- *}X1 C£ 10c % 

Si). 

<no> ^-71 331 cl^a(120)7> 90£^1 3*HH aIXIU-^S. 4 A 1 #°> 135£^1 

£.^"*}X1 5^, XI 1 , 3 31 °1 3*1 (124a, 124b) 1-%^ 7lXH 3*11 =L ^o 1 XI 

2 «>-§-71X1t=- Xl7l^4. (S. lOd %^). 
<m> o)9\. vjj-q o.^ 331 c]ia7} SJ^IH 4*=} XI 1 #-§-71 XI si- -&5}^H1 3*11 

<X7lsl<X3l XI 2 #-§-71X17} 3H3^ V X1 ^#3 o.s. -5-#£|<X*!tK 
<ii2> ^th Xl 2 Xl 4 SIM^S- #7] XI 1 ^1 0 1 ^1 ^ 4^S 

O.S. no]^ #cfl ^1 #-§-71X1 ^ €^SdH1 3*lW <X7l€ XI 2 #-§-71X171- lE#^o. 
5. ^^-Sl^^m-. 
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<113> s£y\9\. ^0.5. Z| ^1^1S17> 135£ Sl^* *}7W ^^># ^^IHH 

<iu> ^ v)^EL2] ^ESf 7}^ ^ ^fol^ ^ PEALD ^^-S. 

<115> ^-7} ^ ^^^HH 3H^1- <M?v 3s 

*}5L ^71^ 7}iS av^-7l tflijLs. ol^V<^ $H ^ti^Rr 

<>1#^-S: *fl?l*Kr ^£ 91^, n°)^7\ *}7j& #5} 

^p> S <^7l^ 7}iS £-§-71 xJft^S. ol^H <r 

<ii6> aj-71 ^. ^.^oH rtf^. PEALD^ ALD ^ 7}if ^a^ ^*}je.5. 7}^{]B\ 

I^Hl ^Ti^l 1 71^1^- S^pVS. <^7}& *fl 2 71^1 7> ^-SH 

71^1 ^ 9X^. 71^1 ajtfl^ <^l*}:a, 

^7># ^A^l *fl 2 iV-g- 7l^l7> <a^*V ^^H^ 

<117> £. 11 ^ £. 12^ CfS. ^Aj^l- ^^^ 7 ] ^^V c^S-S.^, 

*}*\ A|^tb^. 

<118> ^7\ t #7] t^ia(142)al ^12 aV-g-71^ -g-A}-§- o^(145)S.ol o^ofl #7} A>^7l 

(150)^ A>^-g- <y-(152)7> id^sH^, 4V7I A><^-g- 0^(152)1-^^ <g ^ # 
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2*<L£. <&^& 5L7l^ B fl#^-(154)-i-ol ^^5l<H^o.x^, a o > 7 ) A> cq_g. oJ.( 152 ) 

^^-^ ^7} ^|7l(i56)4 5a^. 

<119> c$ 7 )*\ S£ 7 ) ^7>A>^1 71(150)^ «fl#^-(154)<*IM ^ofl T^l^SflA^ £ 

7>» l"Hl-^n> c^ 7 l^ *]] 2 ti_V-g- 7l^| 7> Xl 1 HV-g- 7l^Sq- ^^-£)7l o] ^dfl 

^2 7l^l» ^7>S V\^T%. oj^Tll X|2 ^-g-71^1^ XI 1 ti> 

-g-71 XI <4 ^JE 71X1 ^-§-ol ^oluj-^l 03-0} 71X1 tiV-g-oi ^Xl^ #3N*1 

<120> <PEALD ^*H> 

<121> aflo^^ PEALD ^-^lS ^ $Xrr ^"^^ T^l^ ^)S.^\, &r3\-^r 

<122> <X7l^ Xll ^-§-71X13. A^S]^^^ A1) Sij Ti( Ga> Ge> Co> Sr> Y Zr> 

Nb, Ru, Ba, La, Hf, Ta, Ir, Pb, Bi , W JE^ €^1- ^1 o.^ , 

XI 2 «>^-7lXlS A>-g-SM*l*r ^^H^ aVDVo) #^4:, E^l-, ^2j-#, a> 

5H§-£] 4^ ^^Xl ^Cf. 

<123> 1. ^ ^ tiV^ _ 

<124> cf^^. ^H}^ $J$-6])±=- XI 2 «}-§-7lXl^ ^» *>-§-*}X] 3^, #3*2: 

°H1 3l*IM *-$3Ha *r±. 7}^7\ ^o]nj X^l ^sH&tt Xll ^-§-71X11- $HU] 

<125> 2 . ^^-1- ^ w o V^. 
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<126> Aj-^-g. avni-^ ^ -foliar Xl2 *}:-§- 7l *fl 3*1 ^i, N20 HL^ olfo] 

^ 7>^# l-2fSP> ^"EflS. <^ 71 A] ^ $flo]3Hl ^Z>\jL, ^^-Sl^Al ^2 aV-§-7l^l-i-^ 
^H^l S^^l S^O^fe XU ^-§-71^1* ^3^0_S ?i\QX\^ «V^-o| tgA^ 

<127> 3 . «Vrt^. ^Aj ^ 

<128> ^<5Rr 3^M]^r Xl2 ^7l^lSAi ^ hl^ <y-s.q<X-I- 1-5}^ 

<129> 4 . tij-nV^ fg^Hr HJ-^ 

<130> Mj-nV^ ^aV^ ^^ofl^ ^2 WV-§-7l^S^i PflEj-, oflEj, = o] ^ 

<131> 5. 3^£X] ^nKg. ^Aj^ yj-^ 

<132> 3^ «Vn^o. ^3}-^ Zj ^-fofl^ ^ ^ g 7 fl oV-g. ^ 7 >^ £-A}Jf 7 > 0^2} 

XI 1 71X1 &*}7) , A}2 71X1 £*M, ^1 3 71 XI ^} 7 ) ^ 1"%^ 7] XI §A> 7 1 7> HI*!*} 
O.S. ^A]^ 7 >^^-A>«-§ ^ ^Cf. ^7l 3 ^X\f) 7 ] 

Xll ^-§-71X1^ X13 ^-§-71X1^, Al, Si, Ti, Ga, Ge, Co, Sr, Y, Zr, Nb, 
Ru, Ba, La, Hf, Ta, Ir, Pb, Bi , W di^ ^-0} A}-g-£j , 

XI 2 «}-§-7lX)^ t-El-Z:P>» <*| 7 )4g 7]^]= 
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<133> Ajr 7 ]ej\ ^ 2 7}x)]3_ Af-g^o^Sr 7>i7> #e^} o>^ ^ o.^ ^ 

^Sfl^-i *fl 2 «>-g- 7l^l7> ^-#5)^^ nfl, He, N2, Ar 7}^ # *>q- o^Kg- c-^ 

<134> ol<4 Qo] ^_A)d\]6\] ^tb H <H^ *fl 1 «>-§- 7]^]^ #E}-^n>oll <2]sflA| ^7]S]^^1 

*fl 2 «]-§- 7l*fl7> ^7>}# ^ ^6fl 7}^o) ^£ i o]7] 51t t\ 

^3. 3|*H1 ^) 1 tiV-g- 7l^fl — #ef^D>o11 C^7l5]cH^l *|) 

2 «>-§- 7]ifl| -> 7>i — ^3 -> Si]*] 7}-^ ^o] 3Ms|2] ^ 

<i35> °l A oH]^ H>a^ ;£o] ( ^6}| n]-^. PEALD^, 7}+ ^ e}o]AVc^ H |y|. 

tt 31 °] 7} <£^& S)^Al7l^Ai ^A]ofl 71^11- ^-^-is}^ H>}<%SLE-3-, 

5)^ ^£<^] ^ Afol^ HI-4 ^Eflo| yflti. ^O) ^ 

^ *«fl ^-^-ir ^7># ^a}- ^ofl ^^5] tifly.^) ^ ^ofl uJ-b). 

«]-§- ^ A]^o] ^-o>^^l!|. wV^- -^11 ^o) ^3]-g-.g- sflisU 

<136> gc^. £ mJ-t^o] BY°. 7 ]6\] ^}^ t z^o} 7l^Sq- S]*] 7l^7> ^ ^oj]^ <^ 

7>^lZL -fr^-fr *fl<H3M1 ^-^^.Ai o^Aj^ ^ 7 ]. ol 

A. 
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<137> £Eth ^a}# ^ ^-g. ^o_ H ] a>-o 7] ^ # ^-g-ig- o.^ 

<138> SE^V, ^^># ^aj- ^*Rr ^-°H S.^- tiV-g- 7liifl» :g^tg-,o ^ 

<139> g:^ ^>-g-7H ^*>^ f ^ ^ofofl *fl 2 *}-§- 

1"^^>« ^^*B^ 1HH^O_5.A-1 ^Hfl^l aV^-^o] S-S)-^}. A]^Eflo| 5%<%<q 

on /off<Hl ^^5]<H^1^ l-e^-Sc> a^ea ^tg t^uf a]^eao) -g-oj-^Aj je=o] 

<wo> SEtt t^o^ yv-g-^ofl ^ $||o}3E]s. ^ - 

^Ai^ ^Hfl^ ^ A S A_^o 7MJ1 ol^ ^Af# ^ « 0 >^^ -a)1^^ flf^ - 
<141> SE^b ^^o] <£j^ ^ols] S o]^ H «H^n> ^7>^O.S 

^■sq<H*l ej-tq-sj %tAj-A] ^ ^ 7 > $14. 
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[^T 1 * 1] 

^#-§-<X o]^^ E ^. ^«.6)1 tiV^o] ^^4, 

^JfXl X| 1 #-§-7lXl ^A>7lSf X| 2 #-8-71*1) ^>7l ^ 71X1 ^}7]7} 

^■71 71X1^>«-21- o^S)^ X]2#-§-7lXl5q- 5)xl7l-il- ^*Rr 7>i ^ 

A o V 7l 33 cliH^ ^Xl 71X1 tifl#^, 

^71 XI 2 #-§"7lXl» #2^*} Al^ ^ ol^ #5fSn> ^7l» i^Hzr ^ 

2] 

XI 1 *J-°11 $}<X^, 

7}^A}-«-^ #-§-71X1 ^}7}^ 1-%^ 7) XI ^}7}7} M^SLS. ^^Jl, 

7}+ &*}%-<>\ f^j-^-Xl 31 *i yfl#^7V ^-tilsH SZtt 3-8- ^Jls #e|-^n> 

-fi-S. ^7f# ^1 . 

WW 3] 

XI l iHl 
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^"71 Z| 71^1 ^A>7]^ 3.7}*)} <£^ig ^o}^. Bj-tfl^S] 

S *Vfe- #eJ-2^> ^7>^ ^a}- 

4] 

*n i 5fl°H, 

*H 2 7]^« wV-§-7l^ f2}^4 C^^Al^Tiq-, ^-§-71^ vfl «-ofl^ 

. 

[3^8" 5] 

*H 1 %H1 5^1, 

6] 

A 1 %^ ^7># o}^ ^7}# ^^ofl olc^A^ 

^Kg. -3}-^j7 7}- ^ ^7fl^] 3M2|» 5^ Ai^Bjofl o]-^-A]7l^ 

^7} s\£v]^3-^ s]^a] #31^, 
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#7} 7>i « A ^o] lAi ^ U a>o. 7l ^^ ^ 7] ^ ^1 2 til; 

^l^Rr €^ D > -H-s. ^ y <HL 

[3^8" 7] 

31 6 « 0 H1 $a<H*1, 

^-71 Sl^i ^3.-^ Sl^i^rS^ 5 rpm~100 rpm 2. *>-f ^3 i-H-*f<2l 

lOmTorr -100 Torr, 25 TC ~ 500 VS. -R-*l ^ t>}±= #ej-^P>l- 

[3^.8] 

31 6 ^i $a°H, 

^-71 311 «>-§-7l3l^ Al, Si, Ti, Ga, Ge, Co, Sr, Y, Zr, Nb, Ru, Ba, La, Hf, 

Ta, Ir, Pb, Bi, W ^ ^ °1#5} i^S. <3-¥-<3*lxr ^d\]X] o^s. a}!^:^ 

*>M-» *>-g-*Kr oj-g-^ <£ 7 >^ -S)- 
[^^J- 9] 

31 6 %H1 5^1, 

^"71 312 ^7131^ Ml-nKg- ^a}-^ ^*1H ^ 7 >i , ^n^g- ^ 

^V7l iflSIH N 2S1- NH3, e^-fr ^^V7l ^«0>H av^<4 N20 7 ]. i> ^ 

* #^V7l i?l*IH nfl^, <h] ^ , is^t S-lM^Hl ^sl<3^l7l *H #el- 

^pHI ^1*1H ^7m #Efi5. ^g-5H*l^r ^ ^<LS.is}±t -R-JE QA% ^ 
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10] 

A 6 %H1 £M>H, 

^-i ^7>^ y o V ^ . 

11] 

*ll 10 *J-°fl Sl^H, 

^•71 <y^H #^p> ^V7l A}-g-s}o^}^ Ar, N2, 02 ^ H2 

12] 

13] 

*ll 7 %H1 sa^-i, 

#7) Al^Efl^. A>-g-§>^ aV-§-7l ^171^71 

<^H #Sl^ iE^*Rr ^-^^-S <5>^ #^n> ^7># ^ « 0 V^. 
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IS. 10a] 
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